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 Abstract 
Gambling disorder has recently been recognized as a prototype ‘behavioral addiction’ by virtue 
of its inclusion in the DSM-5 category of ‘Substance-Related and Addictive Disorders’. Despite 
its newly acquired status, and prevalence rate of 1-3% globally, relatively little is known 
regarding the neurobiology of this disorder. The aim of this study was to explore cortical 
morphometry in untreated gambling disorder, for the first time. Subjects with gambling disorder 
(N=16) free from current psychotropic medication or psychiatric co-morbidities, and healthy 
controls (N=17), were entered into the study and undertook Magnetic Resonance Imaging (3T 
MRI). Cortical thickness was quantified using automated segmentation techniques (FreeSurfer) 
and group differences were identified using permutation cluster analysis, with stringent 
correction for multiple comparisons. Gambling disorder was associated with significant 
reductions (average 15.8-19.9%) in cortical thickness, versus controls, predominantly in right 
frontal cortical regions. Pronounced right frontal morphometric brain abnormalities occur in 
gambling disorder, supporting neurobiological overlap with substance disorders, and its recent 
reclassification as a behavioral addiction. Future work should explore the trait versus state nature 
of the findings, and whether similarities exist with other not-yet-reclassified putative behavioral 
addictions.  
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 Introduction 
Forms of gambling have existed for centuries – for example, primitive dice for gambling 
were discovered in caves dating from ~3500 BC [1]. In many countries, including the United 
States and United Kingdom, gambling is now undertaken by the majority of the adult population 
[2]. In a minority of gamblers, symptoms become repetitive and functionally impairing, leading 
to a diagnosis of gambling disorder [3]. Lifetime prevalence of gambling disorder is 
approximately 1-3% [4-5], and the condition is highly familial, with three times elevated risk in 
first-degree relatives of patients [6], and heritability estimates of 50-60% from twin studies [7-8]. 
Attempts to delineate the genetic and environmental underpinnings of the condition have met 
with limited success to date. While some treatments for gambling disorder have shown promise, 
including forms of cognitive-behavioral therapy, the evidence-base for optimal treatment is 
lacking particularly with respect to pharmacological interventions [9]. Unwanted long-term 
outcomes of gambling disorder include debt, relationship problems, substance use disorders, and 
heightened risk of suicidality [9-11].  
 Gambling disorder can be conceptualized from a neurobiological perspective in terms of 
diminished top-down control from prefrontal cortical regions, coupled with excessive drive from 
subcortical regions involved in reward processing, especially the ventral striatum [12-13]. 
Consistent with this perspective, people with gambling disorder often experience impairments 
across a spread of cognitive domains including inhibitory control, working memory, and 
decision-making [14-18]; furthermore, reward-related increases in dopamine release have  been 
found in gambling disorder [19], along with a positive correlation between reward-related striatal 
dopamine release and symptom severity [20], quantified using Positron Emission Tomography 
(PET). There are also a multitude of functional neuroimaging studies, reviewed in detail 
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 elsewhere [2,13], which have revealed abnormal activation of cortico-subcortical circuitry in 
gambling disorder, particularly blunting of response during reward processing and tasks 
involving executive control.    
 Despite the burgeoning literature outlined above, whether or not gambling disorder is 
associated with structural as opposed to functional brain abnormalities has received little 
research attention to date. One study explored hippocampal and amygdala volumes, and found 
these to be significantly reduced in people with gambling disorder versus controls [21]. Using 
voxel-based morphometry (VBM), one study found no significant differences in grey matter 
volumes between patients with gambling disorder and healthy controls [22]. Another VBM study 
found no significant grey matter volume abnormalities in gambling disorder versus controls, but 
did report aberrant white matter integrity in the corpus callosum and cingulum in patients [23]. 
Reduced white matter integrity in the corpus callosum was also confirmed in gambling disorder 
elsewhere [24]. One VBM investigation found that gambling disorder was associated with 
increased grey matter volumes in the left inferior/middle frontal gyri, right middle/prefrontal 
cortices, and ventral striatum [25]. The VBM approach has limitations – it potentially confounds 
several parameters, including grey matter thickness, intensity, cortical surface area, and cortical 
folding [26]. Therefore, the alternative approach of surface-based morphology has been 
developed, which facilitates highly sensitive characterization of cortical thickness [27-29].  
Given the relative paucity of structural imaging studies conducted in gambling disorder, 
and limitations of the VBM approach, the current study compared cortical thickness between 
individuals with gambling disorder and healthy volunteers; volumes of selected sub-cortical 
regions were also examined. Our hypothesis was that gambling disorder would be associated 
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 with reduced cortical thickness in neural regions germane to top-down executive control 
especially the right frontal cortex.  
 
Experimental Procedures 
Subjects  
Subjects meeting DSM-5 criteria for gambling disorder (i.e. minimum of 4 of 9 criteria) 
[3], free from psychiatric comorbidities, were recruited via media advertisements. Healthy 
controls were recruited via media advertisements on the basis of no lifetime or current 
psychiatric disorders. Inclusion criteria across participants were: age 18-65 years, right-
handedness, no current or past month use of psychotropic medications, and no contraindication 
to MRI. The study procedures were carried out in accordance with the ethical standards laid out 
in the Declaration of Helsinki. Institutional Review Board approved the study and the consent 
procedures. After complete description of the study to the subjects, written informed consent was 
obtained.  
  
Procedures 
Subjects received an initial psychiatric evaluation, which included the Structured Clinical 
Interview for Pathological Gambling (SCI-PG) [30] adapted for DSM-5 [3], the Mini 
International Neuropsychiatric Inventory (MINI) [31], the Gambling Symptom Assessment Scale 
(GSAS) [32], the Hamilton Depression Scale [33], the Sheehan Disability Scale [34], and the 
Quality of Life Inventory (QoLI) [35]. After completion of the above, and meeting inclusion 
criteria, subjects undertook high resolution structural imaging using a 3 Tesla (3T) Philips 
Achieva Quasar Dual 16 Ch system. Three-dimensional MPRAGE scan was obtained with 
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 imaging parameters: slab orientation = sagittal, FOV 256x224x176, voxel size 1x1x1 mm3, 
inversion delay time TI = 900 ms, TR/TE = 8.9/3.7 ms, flip angle = 8 degree. 
 
Data Analysis 
Demographic and clinical characteristics between the two study groups were compared 
using one-way analysis of variance (ANOVA) or alternative non-parametric tests as described in 
the text. For the purposes of these variables, statistical significance was defined as p<0.05 
uncorrected, two-tailed.  
MRI scans were processed using previously validated automated methods as 
implemented using FreeSurfer software (version 5.3; http://surfer.nmr.mgh.harvard.edu) [26-27, 
29, 36-37]. MRI scans for each subject were converted to FreeSurfer format and non-brain tissue 
was extracted using automated algorithms; these images were then transformed to standard 
space, segmented, and normalized. After reconstruction, cortical thickness was compared 
between the two study groups, using permutation cluster analysis with stringent correction for 
multiple comparisons (cluster-forming threshold of p<0.001, and cluster-wise p value p<0.05, 
two-tailed). Additionally, volumes of a priori selected structures of interest (putamen, caudate, 
accumbens, hippocampus, amygdala) were extracted using automated parcellation techniques as 
implemented in FreeSurfer; group differences in volumes of these structures were evaluated 
using ANOVA (p<0.05, uncorrected, two-tailed).  
Secondary exploratory correlational analyses (Spearman’s r) were used to evaluate 
relationships between cortical thickness and disease severity in the gambling disorder subjects. 
We also examined whether there were any differences between male and female subjects on 
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 demographic, clinical, and neurobiological measures. For the purposes of the secondary 
analyses, significance was defined as p<0.05 uncorrected, two-tailed.  
 
Results  
Demographic and clinical characteristics of the sample are shown in Table 1. It can be 
seen that subjects with gambling disorder had mean total PG-YBOCS scores of 23.4 (± SD 4.7) 
consistent with moderate disease severity. The groups did not differ significantly in terms of age, 
gender, or education. As anticipated, subjects with gambling disorder had significantly higher 
depressive scores compared to the controls, albeit the mean score was well beneath the threshold 
for clinically significant depression, consistent with this being an exclusionary criterion. Male 
and female subjects with gambling disorder did not differ significantly from each other on 
demographic and clinical measures indicated in Table 1 (all p>0.10; data not shown).  
 
* TABLE 1 ABOUT HERE PLEASE * 
 
Permutation analysis identified eight clusters in which cortical thickness differed 
significantly between the two study groups; in all cases, this was due to patients showing 
significant reductions in cortical thickness compared to controls (Table 2 & Figure 1). It can be 
seen that gambling disorder was associated with reduced cortical thickness in predominantly 
right frontal regions, but also – to a lesser degree – in the right supra-marginal gyrus, right post-
central gyrus, and left inferior-parietal cortex. The mean cortical thickness reduction in gambling 
disorder compared to controls was of the order 15.8-19.9% depending on the cluster considered. 
Cortical thickness in these identified clusters did not correlate significantly with symptom 
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 severity in gambling disorder (PG-YBOCS) (p>0.10), nor did it differ as a function of gender  
(all p>0.05). 
Individuals with gambling disorder and controls did not differ significantly in terms of 
subcortical volumes of left caudate (patients mean [SD] mm3 3498.0 [504.3]; controls 3406.7 
[372.2]), left putamen (5924.9 [700.5]; 6079.4 [774.6]), left accumbens (761.3 [139.1]; 761.9 
[97.7]), left hippocampus (3914.4 [496.2]; 4024.0 [563.5]), left amygdala (1820.8 [247.8]; 
1703.7 [182.1], right caudate (3844.2 [561.5]; 3597.5 [345.5]), right putamen (5944.2 [616.0]; 
5944.7 [691.4]), right accumbens (696.2 [128.8]; 706.8 [121.6]), right hippocampus (3997.4 
[436.3]; 4239.5 [402.9]), or right amygdala (1779.1 [272.4]; 1964.4 [335.1]) (all p>0.09).  
Volumes of these subcortical regions did not differ significantly as a function of gender  
(all p>0.10).  
  
* TABLE 2 AND FIGURE 1 ABOUT HERE PLEASE * 
 
Discussion 
This study investigated cortical thickness in individuals with gambling disorder and 
healthy control subjects. Consistent with our a priori hypotheses, gambling disorder subjects 
showed relatively reduced cortical thickness in neural regions implicated in top-down executive 
control, particularly the right frontal cortex. In addition, the mean cortical thickness reduction in 
gambling disorder compared to controls was of the order 15.8-19.9%, which is significantly 
larger than the findings for many other mental health problems (2.2% to 9.6% for schizophrenia, 
bipolar disorder, and alcohol dependence) [28, 38-39]. Individuals with gambling disorder report 
being unable to control their behavior despite the financial, health, and personal ruin that often 
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 ensues [11,40]. In addition, they exhibit deficits in aspects of inhibition, working memory, 
planning, and cognitive flexibility [9], and these clinical and cognitive characteristics are 
consistent with abnormalities of the frontal cortex. Our findings of right frontal cortical thinning 
are consistent with recent research implicating hypoactivity of the right prefrontal cortex as a 
general dispositional indicator of lower regulatory abilities or greater risk-taking behavior [41]. 
In normal development, cortical thinning is believed to reflect synaptic pruning of excess 
neurons, forming part of a maturational process occurring throughout adolescence, into early 
adulthood [42]. Whereas healthy neurodevelopment is associated with some degree of cortical 
thinning, the current data suggest that gambling behavior is associated with excessive cortical 
thinning, perhaps suggestive of abnormal synaptic pruning. A similar finding has also been 
reported in individuals with alcohol use [43]. It is conceivable that at least a subset of these 
abnormalities may exist prior to the development of gambling addiction, in people at heightened 
risk of developing the condition (such as people with elevated but subsyndromal gambling 
disorder symptoms) [17-18]. Given the cross-sectional nature of this study, however, we are 
unable to determine whether regional frontal cortical thinness preceded gambling behavior or 
whether thinness reflects a consequence of gambling behavior. In any event, we could find no 
significant relationship between the extent of cortical thickness and symptom severity in 
gambling disordered subjects.  
 Gambling disorder has been considered a world-wide health epidemic [9], and effective 
treatments are available [44-45]. In the case of alcohol dependence, cortical thinness in right 
rostral middle and caudal middle frontal gyri and the lateral orbitofrontal cortex, bilaterally have 
been associated with higher likelihood of relapse [46]. Future research should examine whether 
the findings from this study have the ability to predict treatment response. 
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 This study has several positive features, notably that it is the first imaging study of 
cortical thickness in gambling disorder and the subjects with gambling disorder were free from 
psychiatric comorbidities and psychotropic medications. Several limitations, however, should be 
considered. The sample size may have limited statistical power to detect more subtle differences 
between the groups (i.e. effects with small effect size); this limitation was mitigated via our use 
of statistically powerful methodology (permutation cluster analysis). We selected subjects who 
were not taking psychotropic medications and who were free from comorbid psychiatric 
conditions, including nicotine dependence and substance use. As such, we did not collect 
information on simple use of, for example, nicotine or alcohol consumption. It therefore remains 
to be seen whether the findings generalize to gambling disorder more widely.  
In summary, reduced cortical thickness in predominantly right-lateralized frontal cortex 
was identified in un-medicated, comorbidity free subjects with gambling disorder, compared to 
healthy controls. These data support neurobiological models of the disorder emphasizing 
deficiency of cortical regions governing top-down control and executive function. It will be 
important for future work to expand on these results using larger sample sizes, ideally 
incorporating not only structural but also functional brain measures, and to consider their 
relationship with genetic polymorphisms. It will also be important to evaluate whether these 
structural abnormalities are trait in nature, such as by examining whether the structural 
abnormalities extent to subsyndromal gambling disorder, and/or symptomatologically unaffected 
first-degree relatives of people with gambling disorder.   
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Figure 1. Top: clusters of significantly reduced cortical thickness in gambling disorder 
versus controls (shown in red) superimposed onto brain template; Bottom: mean cortical 
thickness in each group for each identified significant cluster.  
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Table 1. Demographic and clinical characteristics of the study sample.  
 
  
Gambling 
Disorder   Healthy Controls F statistic p-value 
(N=16) (N=17) 
Age, years  47.8 (13.7) 41.0 (14.3) 1.978 0.170 
Sex, female, n (%) 10 (62.5) 13 (76.5) 0.244c 0.622 
Ethnicity, Caucasian, 
n (%) 16 (100) 15 (88.2)@ 0.470c 0.423 
Education, College or 
above, n (%)  16 (100) 16 (94.1) 0.971c 0.325 
HAM-D 8.1 (4.5) 1.6 (2.4) 26.5 <0.001 
PG-YBOCS, urges 11.2 (2.8)    
PG-YBOCS, 
behaviors 12.3 (3.3)    
PG-YBOCS, total 
score 23.4 (4.7)    
Amount of money 
(USD) lost to gambling 
per month 
2182.3 (2290.9) 
   
GSAS 33.6 (6.5)    
Sheehan Disability 
Scale 16.5 (6.1)    
Quality of Life Score 31.9 (11.1)    
Data refer to mean (standard deviation) unless otherwise specified.  
@ One volunteer was Asian and one was Latino; c=chi-square. 
PG-YBOCS: Yale-Brown Obsessive Compulsive Scale for Pathological Gambling; GSAS: 
Gambling Symptom Assessment Scale; HAM-D: Hamilton Depression Rating Scale  
 
 
 
Table 2. Results from permutation cluster analysis showing regions of significant 
cortical thickness reductions in gambling disorder versus controls (listed in order of 
reducing significance value).  
 
Cluster, Brain Region 
(Brodmann Area)     Peak co-ordinates (MNI) 
  
Cluster 
Size (mm2) 
Cluster-
Wise P X Y Z 
R superiorfrontal (10) 427.14 0.0005 10.6 52.1 8.3 
R Rostralmiddlefrontal (45) 379.46 0.0014 37.7 32 12.1 
R rostralmiddlefrontal (11) 320.58 0.0025 19.6 58.6 -2.8 
R medial orbitofrontal (11) 311.26 0.0027 6.3 29.2 -19.6 
L inferio-parietal (39) 181.69 0.022 -39 -56.6 23.8 
R postcentral (4) 173.98 0.0251 28.1 -30.9 69.2 
R supramarginal (2) 173.47 0.0258 59.3 -26.1 36.6 
R superiorfrontal (8) 141.17 0.0431 13.5 30.2 29.5 
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